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Abstract
Phenol and substituted phenols are toxic organic pollutants commonly present in industrial waste
streams especially in industrial wastewater. Water treatment by activated carbon adsorption
technique is very advantageous due to their high adsorption capacity and low cost of these
materials but it is poorly regenerable In recent years, researchers have focused on class of
interesting recyclable adsorbents based on hydrophobic zeolites (Si / Al ratio high) in the field of
water treatment. The study on adsorption showed that the affinity of phenol drifts toward the
FAU is dependent on the pH solution and on the pollutant solubility in water and finally their
economic cost for regeneration after saturation.
Keywords: Type your keywords here, separated by semicolons ;
1. Introduction
     In many parts of the world, economic, social and political problems have arisen following
rapid industrial development and urbanization, resulting in adverse effects on the quality of life.
With the development of the industry and the intensive use of pesticides, wastewater discharges
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have evolved considerably in quantity and quality. The effects of wastewater pollution are far-
reaching and affect not only the environment, but human beings and animals as well.
     Water treatment by activated carbon adsorption technique is very advantageous and useful in
many industries due to their high adsorption capacity and low cost of these materials. However,
activated carbon is poorly regenerable [1]. This has led many laboratories around the world to
focus on research of new, stable, efficient and regenerable adsorbents.
     In recent years, researchers have focused on another class of interesting recyclable adsorbents
based on hydrophobic zeolites (Si / Al ratio high) in the field of water treatment. Their large
adsorption capacities and their stabilities are their major properties [2].
     The objective of this work is to study the removal of various organic compounds in water by
comparing the influence of their physicochemical properties, as well as the effect of the pH
solution.
2. Experimental Section
2.1. Adsorbents
     The different characteristics of the zeolites used during the study are represented in the
following table:
Table 1: Characteristics of zeolite used
Zeolite Aperture
Diameter (Å)
BET surface
(m2/g)
SiO2/Al2O3 Origin
HFAU 7.4 840 80 Zeolyst
International
2.1. Adsorbates
     Phenol, 2-chlorophenol, 2-nitrophenol and salicylic acid were purchased from Aldrich. The
pollutants considered here are some chlorophenol, nitrophenol and phenol that can be found at
high concentrations in surface waters and contaminated by industrial wastes. These molecules
are largely used in industrial productions (pigments, pharmaceutical, dyes) as reagents or
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synthesis intermediates. Their concentration in water and soils is continuously increasing, due to
their low degradability and large diffusion.
2.2. Adsorption Method
     Adsorption experiments were performed using a batch equilibration technique. The pollutant
solutions were prepared in the concentration range of 0.2-2 g/L in distilled water. The
experimental isotherms for pollutants were measured at room temperature at different pH; the pH
of the solution was adjusted using 1 M HCl or NaOH solutions. For each equilibrate isotherm,
25mg of the adsorbent was added to 8mL of solution to equilibrate for 24 hours in a batch
equipment. The speed of the shaker was adjusted to 250 rpm to mix the solutions well. Then, the
zeolite is separated from the solution by centrifugation.
 The amount adsorbed of the adsorbates can be calculated by the following equation:
mA (Q) = V (C0 –C)
Where,   mA: mass of zeolite (g).
              V: volume of solution (L).
  C: concentration after adsorption (mg.L-1).
              C0: initial concentration (mg.L-1).
              Q: amount adsorbed (mg.g-1 of zeolite).
A spectrophotometer is employed to measure the amount of light that a sample absorbs. The instrument operates by
passing a beam of light through a sample and measuring the intensity of light reaching a detector. The concentration
of pollutant after adsorption can be calculated from the absorbance of the sample that was measured by the UV-
spectrometer.
3. Results and Discussion
3.1. Adsorption over HFAU zeolite
3.1.1. Influence of pH on phenol adsorption over HFAU zeolite
     The study of adsorption of phenol on HFAU zeolite was performed for pH values between 2
and 9. The choice of this pH range is carried out to examine the evolution of the adsorption of
solute associated with the different chemical forms present depending on pH.
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 PhOH adsorption isotherms clearly show that the pH of the solution has a significant effect
on the adsorption (Figure 1). It is observed that the adsorption is more favored for a neutral pH
(6) where the maximal Qads is around 50 mg/g.
Based on figure 1, we can observe that phenol adsorption is less important at acidic pH (pH 4)
than that obtained at pH 6, and that the adsorption capacity decreases significantly from a pH 4
to 2. In fact, the pKa of phenol is about 9.95, and acidic pH is obtained with difficulty. It is
necessary to add a significant amount of acid which may cause the decrease in capacity.
Therefore, this result can be explained by the increase in H3O+, Cl- and protonated phenol ions
present in the solution due to the large amount of HCl added to decrease the pH.
     At pH 9 (close to pKa), phenols dissociate in water, leading to the dissociated species PHO-,
whereas at pH 6, only the molecular species are formed (PHOH). The dissociated species are
more polar than molecular compounds and interact preferentially with water rather than with
zeolite. Similar results were obtained by Koubaissy et al [3].
Figure 1: Adsorption isotherms obtained on HFAU zeolite for phenol at (ŶS+ŸS+
(ƇS+DQGƔS+,VRWKHUPVGHVFULEHGE\)RZOHU-Guggenheim model.
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     Therefore, in the case of ionic compounds, repulsion between the oxygen sites of zeolite and
the negative group of the molecule occurs. Thus, at pH 9, when more phenol compounds are
dissociated, the adsorption of phenol on zeolite decreased.
2.2.1. Effect of the substituent group nature on adsorption over HFAU zeolite
     The influence of the substituent group nature on the evolution of the adsorption capacity of
HFAU zeolite at pH=4 is visible in figure 2. It is observed that the adsorption capacity varies
according to the following order:
Ortho-nitrophenol > Ortho-chlorophenol > Phenol > Salicylic acid
If we trace the evolution of solubility based on adsorption capacity, we get a good correlation
for nitrophenol, chlorophenol and phenol (Figure 3). It shows that the value of the adsorption
capacity of these compounds, except salicylic acid, varies as good as linearly with the
solubility. Therefore, the water solubility of organic compounds has an important role in the
mechanism of adsorption on zeolite. The hydrophilic compound is more difficult to remove
from water.
Figure 2: Adsorption isotherms obtained on HFAU zeolite at pH 4 for (Ŷ3K2+Ÿ213Ƈ2&3DQGƔ
SA. Isotherms described by Fowler-Guggenheim model.
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Figure 3:    Effect of solubility on the adsorption of organic aromatic compound.
However, according to figure 3, salicylic acid has lower adsorption capacity than chlorophenol
and phenol although it is much less soluble. This indicates that there are other parameters that
affect adsorption as the effect of pKa which is observed in the case of salicylic acid. It was
demonstrated by Koubaissy et al [4] that the changeover of -NO2 to -Cl was a factor in the
decrease of the adsorption capacity into the zeolite. The increased electrophilic character of the
functional hydrogen and the aromatic ring hydrogen promotes the adsorption on nucleophilic
oxygen of the zeolite. Nevertheless, in our case, the difference in the solubility is very important
for that the electrophilic character of the substitutent plays a secondary role.
The same results were obtained at pH= 6 (not presented here). But, at pH= 9 (Figure 4), we
observe a modification in the order of adsorption capacity of molecules. This result may be
related to the pka of nitrophenol which is 7.17. At pH 9, ortho-nitrophenol molecules are in the
dissociated form, so adsorption is difficult and is less than that of ortho-chlorophenol whose pka
is 8.49.
226   Bachar KOUBAISSY et al. /  Physics Procedia  21 ( 2011 )  220 – 227 
Figure 4: Adsorption isotherms obtained on HFAU zeolite at pH 9 for (Ŷ3K2+Ÿ213
and (Ƈ2&3,VRWKHUPVGHVFULEHGE\)RZOHU-Guggenheim model.
Conclusion
Adsorption of organic aromatic compounds from water was studied. The study on adsorption
showed that the pH of the solution has a significant effect on adsorption. It has shown that the
aromatic compounds are very poorly retained on the zeolite at very acidic pH and at pH greater
than pKa. This parameter alters the amount of neutral species in solution which are the best
adsorbed on the zeolite. Also, the adsorption capacity is dependent on the pollutant solubility in
water. The lower the solubility of the compound, more important is the adsorption.
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